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Abstract

A systematic review was undertaken to identify intervention characteristics associated with increasing consumption
of vegetables in children (2–12 years). PubMed, PsychINFO and CABabstracts were used to identify studies pub-
lished between 2004–2014 that had measures of vegetable consumption, a minimum of 3-month follow-up and were
conducted in home and community settings (outside of schools). Twenty-two studies were included in the review.
Details of the study design, population, setting, intervention characteristics, target behaviour, behaviour change
techniques used and vegetable intake were extracted. Study quality and intensity were scored. Overall, 12/22 studies
were effective short-term, and 6/10 were effective long-term (6+months); mean short-term change in vegetable in-
takewas 29%, equating to an increase of a quarter to a half of a serving of vegetables. Intervention effectiveness was
associated with number of settings targeted and frequency of contact but not length of intervention. Planning for so-
cial support, vegetable exposure and provision of staff trainingwere commonly used behaviour change techniques in
effective interventions. This review has identified strategies that may optimise effectiveness of future home-based
and community-based interventions aiming to increase vegetable intake in young children.
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Introduction

Vegetables are an important source of dietary fibre,
provide a range of nutrients and have a low energy den-
sity. Dietary guidelines recommend we consume plenty
of vegetables, including a range of different types and
colours (U.S. Department of Agriculture and U.S.
Department of Health and Human Services 2010;
National Health and Medical Research Council 2013).
Vegetable intake is protective against chronic diseases
including heart disease and some cancers (Boeing et al.
2012) and may help to reduce the risk of obesity
(National Health and Medical Research Council 2013).
Despite the compelling public health benefits, dietary
surveys in large population groups report that children
do not meet vegetable intake recommendations (Yngve
et al. 2005; Magarey et al. 2006; Kimmons et al. 2009;
Australian Bureau of Statistics 2014). Critically, the
prevalence of inadequate vegetable consumption
increases as children transition from their early years

through to adolescence, coinciding with higher intake
recommendations. In Australia, the 2011–2013
Australian Health Survey reported that 49% of children
aged 2–3years met the recommended usual intake of
vegetables, compared with less than 10% of children
aged 4 to 18years (Australian Bureau of Statistics
2014). This pattern of low vegetable intake in children
is particularly concerning given that establishing appro-
priate healthy eating behaviours early in childhood influ-
ences the formation of eating patterns later in life
(Maynard et al. 2006).

Numerous studies have aimed to increase children’s
vegetable consumption; however, systematic reviews
of these report limited effectiveness (Knai et al. 2006;
Evans et al. 2012), particularly in young (Wolfenden
et al. 2012) and overweight children (Bourke et al.
2014). A comprehensive review of primary school-
based initiatives that promoted fruit and vegetable
intake reported a small increase in children’s self-
reported intake (+0.3 to +0.99 servings); however, the
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majority of this modest increase was attributed to fruit
not vegetables (Knai et al. 2006). A more recent meta-
analysis that focussed on school-based interventions in
children aged 5–12 years reported a small net effect
for self-reported fruit intake (+0.24 servings) but virtu-
ally no increase in vegetable consumption (+0.07 serv-
ings) (Evans et al. 2012). Given children’s low intake
of vegetables and the differences in the context for veg-
etable consumption compared with fruit (Australian
Bureau of Statistics 2014), it is important that interven-
tions specifically targeting vegetable consumption are
better understood.

In addition to specifically measuring the impact of in-
terventions on vegetable intake, it is important to iden-
tify the strategies associated with changing the eating
habits in children and describe ‘how’ initiatives were
undertaken. Previous reviews of interventions to in-
crease vegetable intake in children have focussed on
the magnitude of change and overall effectiveness, with
little detail on the components of the intervention per
se. Knai et al qualitatively observed that increased ex-
posure to fruit and vegetables was the key intervention
component common to effective studies (Knai et al.
2006); however, a systematic critique of intervention
components was not conducted. Recently, Diep et al.
(2014) conducted ameta-analysis to determinewhether
interventions based on a theoretical framework were
more effective at increasing children’s fruit and vegeta-
ble intakes, than interventions with no theoretical un-
derpinning (Diep et al. 2014). They reported that
basing an intervention on behavioural theory has a
small to moderate enhancement on effectiveness, and
after controlling for study quality, this effect was
greatest for vegetable consumption (compared with

fruit or combined fruit and vegetables) (Diep et al.
2014). Further exploration of how interventions are un-
dertaken (i.e. the strategies associated with successful
interventions) and identification of behaviour change
techniques (BCT) that may be associated with in-
creased vegetable intake in children is warranted.

Therefore, a key aim of the current review was to
identify the intervention characteristics and BCTs asso-
ciated with increasing children’s vegetable consump-
tion. The review was focused upon studies targeting
young children (2–12 years) to address the decline in in-
take that has been observed throughout childhood, to
target an age range where children are more malleable
and when establishing food acceptance may influence
future eating habits (Birch & Ventura 2009; Anzman
et al. 2010). The wider age group allowed us to include
all children of pre-school and primary school age
(2–12years in Australia) but excluded adolescents who
have greater autonomy over their eating habits and a
higher vegetable intake recommendation. Given our
target age range and the scope of previous reviews
(Knai et al. 2006; Evans et al. 2012), this review focused
on interventions delivered in home or community set-
tings (community centres, childcare centres, kindergar-
tens, afterschool care settings and internet based
programs); i.e. outside of the school setting.

Methods

This systematic review was carried out and reported in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA)
2009 Checklist (Supplementary Appendix).

Key messages

• This review identified 22 prospective studies that reported vegetable intakes among children aged 2 –12 years in the
home and community settings.

• Overall, 12/22 studies were effective short-term (3months follow-up), and 6/10 were effective longer term
(6months or more).

• Mean short-term change in vegetable intake was ~30%, which based on current intake equates to an average quarter
to a half a serve increase.

• The design and behavioural change techniques associated with effectiveness were identified, including planning for
social support, vegetable exposure and provision of staff training.
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Search method for identification and screening of
studies

PubMed, PsychINFO and CABabstracts were searched
for scientific literature published between 2004 and June
2014 to identify intervention studies that targeted
vegetable consumption in children aged 2–12years.
Only peer reviewed published scientific papers
were included in the search; unpublished work or
‘grey’ literature was excluded. The initial search in-
cluded the following MeSH (medical subject headings)
terms and combinations thereof under the three head-
ings: (1) interventions: research design, controlled
clinical trial, randomised controlled trials, random
allocation, double-blind method, single-blind method,
placebos, intervention studies, evaluation studies, com-
parative study, follow-up studies, prospective studies,
cross-over studies, clinical trial, latin square, time series,
study, studies, trial, random, RCT, matched communi-
ties, matched schools, matched populations, control,
comparison group, control group, comparative study,
matched pairs, outcome study, outcome studies, quasi
experimental, pseudo experimental, nonrandomi, non
randomi, pseudo randomi, quasi randomi, prospective,
volunteer, experimental, intervention, model, models,
evaluation, and cross-over; (2) vegetable intake: vege-
tables, vegetable, vege; (3) children (2–12 years): child,
adolescent, pre-school, schoolchildren, school children,
pediatr, boys, girls, youth, young people, infant, and
toddler.

After removal of duplicate records, four investiga-
tors (GH, DB, JB & HL) independently analysed the
title and abstracts of each paper retrieved in the initial
search to identify eligible studies. Studies not meeting
the inclusion criteria (below) were excluded. The re-
maining papers were obtained, and a final full-text anal-
ysis to identify eligible studies was performed. The
screening process and article selection is summarised
in (Fig. 1).

Inclusion criteria

Studies were eligible for inclusion if they met all of the
following criteria: prospective studies evaluating the ef-
fectiveness of an intervention, with or without compar-
ison groups; intervention aimed at improving vegetable
consumption, either alone or in combination with other

healthy eating and lifestyle messages; had a quantita-
tive measure of vegetable consumption separate to
other food groups (such as fruit), reported at an individ-
ual or group level in either grams, servings, frequency
of consumption (times per day), provision (number of
vegetables available or served) or purchase habits
(shopping receipts); the measure of vegetable con-
sumption was reported as an estimate of ‘usual’
vegetable intake (not intake of a test dish/meal); the
intervention was delivered in the home or a community
setting including community centres, childcare, kinder-
garten and afterschool-care settings or as part of gov-
ernment initiatives; the intervention targeted children
aged 2–12 years or had a mean population age of
≥2 years and≤ 12 years; the outcome was reported at
three months post intervention or more (to assess
sustained behaviour change and habit formation); and
was published in English between 2004 and 2014 in a
peer reviewed journal.

Exclusion criteria

Studies targeting specific subgroups of the population
such as clinical populations, case studies and children

Fig. 1. Summary of the screening and article selection process.
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with specific medical conditions were excluded to make
the findings relevant to the general population. Simi-
larly, studies reporting intakemeasures of test vegetable
dishes/meals or single vegetables were also excluded as
thesewere not estimates of ‘usual’ consumption and there-
fore not reflective of the child’s usual vegetable
intake. Interventions delivered in schools (i.e. with
or without a home or community component) were
excluded as these have been the focus of another
recent review (Evans et al. 2012).

Data extraction and synthesis

Details were extracted for the study design, population,
setting, intervention characteristics, target behaviour,
behaviour change techniques used and vegetable
intake. Two reviewers (DLB and JB) independently
extracted the data from papers including study design,
intervention duration, setting (i.e. home, community,
pre-school/childcare, afterschool programs) and target
(i.e. intervention recipient; children, carers, parents),
population (including sample size, age and gender of
children), intervention characteristics, contact with in-
tervention and behavioural target of the intervention
(i.e. improving vegetable intake only, fruit and vegeta-
bles, a healthy diet or diet and lifestyle), data time
points and vegetable intake pre-intervention and post-
intervention. Short-term (>3months) and longer term
(>6months; data available for 10 of 22 studies) effec-
tiveness were defined as a significant (P< 0.05) in-
crease in vegetable consumption as reported by the
author. Refer to the Supplementary Appendix for the
full comprehensive data extraction table. Each study
was extracted by a single author. A second author
reviewed 20% of studies to ensure accuracy of data ex-
traction and coding. Any inconsistencies were resolved
by discussion with a third author (GH).

A number of study design and intervention compo-
nents were coded using published protocols as detailed
in the succeeding sections. An assessment of interven-
tion intensity enabled a comparison of results between
all studies despite their varied study design and settings.
The intensity rating was based on a Cochrane review of
community wide interventions for increasing physical
activity (Baker et al. 2011; Francis et al. 2011). Four as-
pects of the intervention were coded, each scored on a

5-point scale (1= low intensity to 5=high intensity)
with a low, medium and high ranking on each compo-
nent as follows:

• Duration of intervention: <6weeks= 1, 12weeks
to< 6months= 3 and >12months = 5.

• Contact with intervention: yearly = 1, monthly= 3
and daily =5.

• Type or level of contact: physical, policy or legislative
or no face-to-face= 1, group level = 3 and individual
contact = 5.

• Reach (number of settings targeted): 1 setting= 1, 2
settings = 3 and ≥3 settings= 5.

An overall intensity score out of 20 was calcu-
lated. Based on the range of scores in this review
and our previous use of the tool (Hendrie et al. 2012),
scores ≤10 were considered lower intensity, 11–12
were medium intensity and≥ 13 considered higher
intensity.

Study quality was scored using the standard pub-
lished protocol for the Effective Public Health Practice
Project quality assessment tool (Thomas 2003; Thomas
et al. 2004a). Eight components were scored (selection
bias, study design, confounders, blinding, data
collection methods, withdrawals and drop outs, inter-
vention integrity and analyses) from which an overall
quality rating was calculated (strong/moderate/weak)
(Thomas 2003; Thomas et al. 2004a).

The Behaviour Change Techniques used in the inter-
ventions were double coded by a health psychology re-
searcher (HL) using standardised definitions outlined
in the CALO-RE taxonomy of BCTs (Abraham &
Michie 2008; Michie et al. 2011). The taxonomy defines
40 BCTs with standard definitions provided in a coding
manual. Six additional categories were added to the
original taxonomy to account for unique, recurring
techniques used in the interventions in this review; tast-
ing and exposure techniques, provision of resources,
staff training, community/participant engagement, eco-
nomic incentives, increasing availability and accessibil-
ity within the local environment through, for example,
community gardens.

A meta-analysis of the magnitude of change in vege-
table intake was not possible because the metho-
dologies used to measure intake of vegetables were
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heterogeneous between studies (e.g. number of serves/
day, grams consumed) and was only available for 17
out of the 22 studies. However to have some indication
of intervention impact, the change in vegetable intake
was calculated as the percentage increase/decrease in
the unit reported, regardless of significance levels.

Results

Describing the studies overall

The 22 papers included in this review were published
between 2004 and 2014 and are summarised in Table 1.
Complete data extraction is available in the Supple-
mentary Table. The interventions ranged in length
from a single nutrition education newsletter mail out
to a 3 year community garden-based intervention.
Seven interventions were home-based, and the remain-
der were either set in pre-school or childcare (n=6),
after-school programs (n=4) or community programs
(n=5). They targeted vegetable intake only (n=4), in-
take of fruit and vegetables (n=6), vegetables as a part
of a healthy diet (n=6) and as part of a healthy lifestyle
(n=6). Overall, 12 of 22 studies (54%)were considered
effective in increasing children’s vegetable intake in the
short-term, and six of ten (60%) were considered
effective longer term. Most studies (n=15) had a
medium intensity rating, with five rated low and two
rated high intensity. Fourteen studies had aweak quality
rating, and seven were rated as moderate quality, with
only one paper rated as strong quality (See Table 1 &
Supplementary Table for full details extracted from
each study).

Characterising interventions by effectiveness

Short-term and longer term effectiveness

Table 2 summarises the intervention characteristics for
effective and ineffective studies separately for short-
term and longer term outcome measures. The majority
(8 out of 12) of interventions that targeted children’s
vegetable intake in the context of either a healthy diet
or healthy lifestyle were effective in the short-term,
whereas one out of four interventions that targeted veg-
etables alone were effective in the short-term. None of
the interventions that focused solely on vegetable intake

had an outcome measure at 6months or more. Of the
six studies that were effective longer term, half focused
on vegetables within the context of a healthy diet, the
others on increasing fruit and vegetables (n=2) or as
part healthy lifestyle generally (n=1) (Table 2).

Intervention setting, duration, intensity, quality and contact with
participants

Table 3 summarises the setting, duration, intensity and
quality of effective and ineffective studies, by short and
longer term follow-up. There were seven studies deliv-
ered in the home, six in pre-schools, four in after school
programs and five in the community. While the home
was a common setting, it was the least likely to be effec-
tive in the short-term (n=2/7). There were four after-
school programs, three of which were effective in the
short-term. Longer term, interventions within the pre-
school setting were most likely to be effective. The dura-
tion of the intervention did appear to be associated with
effectiveness. Effective interventions weremore likely to
be rated as medium to high intensity overall, with only
one out of five low intensity intervention considered to
be effective. There were two high-intensity interventions
– both effective in the short and longer terms. Only one
study was rated as strong quality and this was considered
effective in the short-term; however, it did not include a
follow-up measure at 6months or more. Effective inter-
ventions scored higher in terms of their contact with par-
ticipants (3.75 vs. 2.7 out of 5) and their reach (2 vs. 1.2
out of 5) (See Table 4).

Behaviour change techniques (BCTs)

Table 5 summarises the BCTs used by effective and in-
effective studies and by short and longer term follow-
up. Overall, the most commonly used behaviour
change techniques were the provision of resources
(82%), information on the consequences of consuming
and not consuming vegetables (73%), modelling or
demonstrating the behaviour (64%), prompt practice
(59%) and providing instruction on how to perform
the behaviour (54%). Half of the interventions in-
cluded planning for social support or change as a tool
to increase vegetable intake, and this technique was as-
sociated with effective behaviour change in both the
short-term (8/11 studies) and longer term (6/7 studies).
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The other two techniques that were associated with ef-
fective behaviour change were (1) the use of exposure
to vegetables, although only associated with short-term
change (6/9 studies) and (2) the provision of staff
training, which was associated with both short-term
(6/9 studies) and long term behaviour change (3/4
studies). However, both these techniques were only
used in nine of the 22 interventions (41%, Table 5).

Change in vegetable intake

Based on the calculated percentage change in vegeta-
ble intake (calculated from the results reported in
Table 1) interventions reported a mean increase in veg-
etable intake of 29% (range: �20% to +87%).

Discussion

The present review identified 22 studies that delivered
home or community-based interventions aimed at

increasing children’s vegetable intake, either in isolation
or in combination with other healthy eating and lifestyle
messages. Just over half of studies reported a significant
increase in children’s vegetable intake at 3months, with
six out of ten studies that included ameasure at 6months
are also effective. We estimate that the interventions
were associated with an increase in vegetable intake of
approximately 30% (range �20% to +87%). Based on
Australian children’s current vegetable intake, this
equates to approximately a quarter to half of one vegeta-
ble serving.While this increase is small, incremental die-
tary improvements across the life stages are important
and assist in establishing healthy eating patterns that
may carry through into later childhood and beyond.
Any increase in children’s vegetable intake, regardless
of the size, is important given the progressive declines
usually observed during childhood (Australian Bureau
of Statistics 2014).

Internationally, dietary guidelines (U.S. Department
of Agriculture and U.S. Department of Health and

Table 2. Summary of intervention, effectiveness, intensity and quality of the studies included in this review (n= 22 studies)

Author
Target

behaviour

Effectiveness* Intensity
Study
qualityShort Longer Score Rating

(Annesi et al. 2009) Lifestyle Yes — 12 Medium Strong
(Bayer et al. 2009) Lifestyle Yes Yes 16 High Weak
(Castro et al. 2013) Diet Yes Yes 12 Medium Weak
(Corsini et al. 2011) Vege Yes — 12 Medium Weak
(Davis et al. 2011) Diet No — 10 Low Moderate
(De Bock et al. 2011) Diet Yes Yes 12 Medium Weak
(Engels et al. 2005) Lifestyle Yes — 11 Medium Weak
(Freedman & Nickell 2010) Diet Yes — 11 Medium Weak
(Gholami et al. 2015) Vege No — 4 Low Weak
(Haire-Joshu et al. 2008) FV No No 11 Medium Moderate
(Horne et al. 2011) FV Yes Yes 11 Medium Weak
(Horton et al. 2013) Vege No — 12 Medium Weak
(Latif et al. 2011) FV No No 9 Low Moderate
(Martinez-Andrade et al. 2014) Lifestyle No No 12 Medium Moderate
(Namenek Brouwer & Benjamin Neelon 2013) FV No — 11 Medium Weak
(Schwinn et al. 2014) Diet No — 6 Low Weak
(Slusser et al. 2013) Lifestyle No No 12 Medium Moderate
(Somerville et al. 2012) FV Yes — 12 Medium Weak
(Tabak et al. 2012) Vege No — 12 Medium Weak
(Witt & Dunn 2012) Lifestyle Yes — 12 Medium Moderate
(Wolfenden et al. 2014) FV Yes Yes 10 Low Moderate
(Wright et al. 2012) Diet Yes Yes 13 High Weak

*Short-term effectiveness = significant increase in vegetable consumption at 3 months; longer term effectiveness = significant increase in vegetable
consumption at 6 months or more. Pre-school included pre-school and childcare centres. Aftersch =After-school; Comm=Community;
Vege = vegetables, FV = fruit and vegetables.
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Human Services 2010; National Health and Medical
Research Council 2013) and public health campaigns
(Capacci & Mazzocchi 2011; Council 2013) often pro-
mote fruits and vegetables together. Our results show
that promoting fruits and vegetables together has limited
benefit for vegetable intake, confirming previous find-
ings (Evans et al. 2012), while targeting children’s vegeta-
ble intake in isolation was least likely to increase usual

vegetable intake. Our findings suggest that future initia-
tives should focus on wholemeals within the context of a
balanced diet and a healthy lifestyle, rather than target
vegetables in isolation. Indeed vegetables tend to be
consumed as part of a main meal rather than eaten
alone. This finding challenges the notion of delivering
simple nutrition education messages and is different to
a previous review of dairy foods where single target

Table 3. Summary of intervention target, setting, duration, intensity and quality by short (3months) and longer term (6months) effectiveness (n= 22
studies)

Short-term Longer term

Effective
(n = 12)

Ineffective
(n = 10)

Effective
(n = 6)

Ineffective
(n = 4)

Target
Vegetables 1 3 0 0
Fruit and vegetables 3 3 2 2
Healthy diet 4 2 3 0
Healthy lifestyle 4 2 1 2

Setting
Home 2 5 1 1
Pre-school/childcare 4 2 3 0
After-school program 3 1 1 1
Community 3 2 1 2

Length of intervention
0 to 4 weeks (0–1 month) 3 2 1 0
5 to 12 weeks (1–3 months) 4 3 1 2
13 to 24 weeks (3–6months) 3 3 2 0
25 weeks or more (>6months) 2 2 2 2

Intensity Rating
Low (%) 1 4 1 1
Medium (%) 9 6 3 3
High (%) 2 0 2 0

Quality rating
Weak (%) 9 5 5 0
Moderate (%) 2 5 1 4
Strong (%) 1 0 0 0

Table 4. Summary of intervention Intensity by short and longer term effectiveness (n= 22 studies)

Short-term Longer term

Effective (Mean) Ineffective (Mean) Effective (Mean) Ineffective (Mean)

Intensity Score*
Duration of intervention 2.75 2.8 3.3 3
Contact with intervention 3.75 2.7 3.7 3
Level of contact 3.5 3.2 3.3 3.5
Reach (no. of settings) 2 1.2 2 1.5
Overall score (max = 20,range 4–18) 12 9.9 12.3 11

*Maximum score for each component = 5.
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Table 5. Use of behaviour change techniques by short and longer term effectiveness

Behaviour change techniques

Short-term Longer term
Total
n = 22

(% of all
studies)

Effective Ineffective Effective Ineffective

(N = 12) (N = 10) (N = 6) (N = 16)

1. Provide information on consequences of behaviour in general 8 8 5 3 16 (72.7)
2. Provide information on consequences of behaviour to the individual 4 5 3 2 9 (40.9)
3. Provide information about others’ approval 0 1 0 1 1 (4.5)
4. Provide normative information about others’ behaviour 0 0 0 0 0 (0)
5. Goal setting (behaviour) 4 5 2 3 9 (40.9)
6. Goal setting (outcome) 1 1 0 0 2 (9.1)
7. Action planning 0 2 0 1 2 (9.1)
8. Barrier identification/problem solving 2 5 1 2 7 (31.8)
9. Set graded tasks 1 1 0 1 2 (9.1)
10. Prompt review of behavioural goals 2 4 1 1 6 (27.3)
11. Prompt review of outcome goals 0 0 0 0 0 (0)
12. Prompt rewards contingent on effort or progress towards behaviour 0 2 0 2 2 (9.1)
13. Provide rewards contingent on successful behaviour 3 2 1 2 5 (22.7)
14. Shaping 0 0 0 0 0 (0)
15. Prompting generalisation of a target behaviour 1 0 0 0 1 (4.5)
16. Prompt self-monitoring of behaviour 3 4 1 3 7 (31.8)
17. Prompt self-monitoring of behavioural outcome 1 1 0 1 2 (9.1)
18. Prompting focus on past success 0 0 0 0 0 (0)
19. Provide feedback on performance 1 2 1 1 3 (13.6)
20. Provide information on where and when to perform the behaviour 2 1 1 0 3 (13.6)
21. Provide instruction on how to perform the behaviour 4 8 2 3 12 (54.5)
22. Model/Demonstrate the behaviour 8 6 3 3 14 (63.6)
23. Teach to use prompts/cues 1 1 1 1 2 (9.1)
24. Environmental restructuring 1 1 1 1 2 (9.1)
25. Agree behavioural contract 0 0 0 0 0 (0)
26. Prompt practice 7 6 2 3 13 (59.1)
27. Use of follow-up prompts 0 1 0 0 1 (4.5)
28. Facilitate social comparison 1 0 0 0 1 (4.5)
29. Plan social support/social change*/** 8 3 6 1 11 (50)
30. Prompt identification as role model/position advocate 3 4 3 3 7 (31.8)
31. Prompt anticipated regret 0 0 0 0 0 (0)
32. Fear arousal 0 0 0 0 0 (0)
33. Prompt self-talk 1 0 0 0 1 (4.5)
34. Prompt use of imagery 1 0 0 0 1 (4.5)
35. Relapse prevention/coping planning 0 0 0 0 0 (0)
36. Stress management/emotional control training 0 2 0 0 2 (9.1)
37. Motivational interviewing 0 3 0 1 3 (13.6)
38. Time management 0 0 0 0 0 (0)
39. General communication skills training 2 5 1 3 7 (31.8)
40. Stimulate anticipation of future rewards 0 0 0 0 0 (0)
41. Exposure* 6 3 2 2 9 (40.9)
42. Provision of resources 10 8 6 4 18 (81.8)
43. Staff training** 6 3 3 1 9 (40.9)
44. Community/participant engagement 3 3 0 2 6 (27.3)
45. Economic incentives 1 1 1 0 2 (9.1)
46. Availability/accessibility 1 1 1 0 2 (9.1)

Bold: Commonly used techniques (used by greater than 50%) Bold/italics: Techniques associated with effective intervention; *short-term effective-
ness, **longer term effectiveness.
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messages were more effective in changing behaviour
than targetingmultiple food groups (Hendrie et al. 2012).

Effective interventions tended to be delivered in the
pre-school/childcare centre setting, and this setting was
particularly effective longer term where all three inter-
ventions reported significant increases in children’s
vegetable intake at 6months. These findings are sup-
ported by the literature that suggests childcare settings
are key in influencing children’s dietary intakes by
promoting positive mealtime environments, role-
modelling positive eating practices, involving children
in the meal time and allowing them choice to decide
what and how much to eat (Golley et al. 2012; Bell
et al. 2015). Additionally, childcare also engages parents
about nutrition and assists in transferring positive nutri-
tion practices into the home setting and by reaching out
to parents and influencing the nutrition and food envi-
ronment at home (Golley et al. 2012). It is also possible
that such interventions coincided with, or prompted, a
change in childcare nutrition policies or food service
practices. In contrast, school environments have many
competing curriculum priorities, which may dilute the
intervention messages. Similarly, schools may have
fewer resources (e.g. staff and access to training) to
successfully deliver the intervention as intended, again
potentially weakening the intervention effects. On the
other hand childcare settings may have greater
resources (e.g. higher staff to student ratios), some
flexibility in their curriculum to implement intervention
programs and a stronger parental expectation for the
presence and implementation of nutrition policy.

A recent meta-analysis of school-based interventions
in children aged 5–12years (Evans et al. 2012) found
that intervening in this setting resulted in an average in-
crease in vegetable consumption of +0.07 servings. In
comparison, our findings showed that targeting
younger (2–12years) children and intervening outside
of the school setting was slightlymore effective resulting
in an average increase of a quarter to a half serve of
vegetables (or ~30% increase in intake). In absolute
terms, although a quarter to half a serve may seem
small, any increase in vegetable intake at an early age
is significant given the downward trajectory of vegeta-
ble intakes as young children progress through later
childhood and into adolescence. The importance of
intervention at an early age is well supported in the

literature. For example, Caton et al. found age to be a
significant predictor of eating patterns and acceptance,
with younger children eating and enjoying novel vege-
tables more than older children (Caton et al. 2014). Fur-
thermore, Birch & Ventura suggest that intervening
before a child reaches school should be a priority and
prevention efforts should explore all early childhood
contexts such as family homes and childcare settings
(Birch & Ventura 2009). Early years are considered
the most effective and are characterised by ‘high plas-
ticity’ and ‘rapid transitions’ and are a period of time
when parents and caregivers have a high degree of con-
trol over their children’s food environment and experi-
ences (Anzman et al. 2010). As such, younger children
are generally considered easier to influence than older
children who have more established food preferences
and greater independence in their food choices
(Anzman et al. 2010).

However, despite the importance of interventions
beginning at an early age, our results and the findings
of others (Evans et al. 2012) highlight the difficulty of
designing interventions to change children’s vegetable
intakes effectively. This is particularly demonstrated
in our findings where huge disparities between inter-
ventions in effect were found, with reports of up to
+87% change in vegetable intake and as low as
�20%. Indeed, it has been shown that the taste of veg-
etables is not innately accepted by some children who
are ‘hard-wired’ to reject pure vegetable flavours
despite intensive conditioning attempts (Zeinstra et al.
2009). Many vegetables are bitter, have unfamiliar tex-
tures and provide little dietary energy (Hetherington
et al. 2015); hence, overcoming such strong aversive in-
nate preferences is difficult andmay not be effective for
all children (Caton et al. 2013). As such, children often
require repeated exposure (Zajonc 1968; Caton et al.
2013) and positive reinforcement longer term in order
to learn to like such foods (Cooke et al. 2011). In partic-
ular, persistence with repeated vegetable exposure in
early childhood, prior to starting school, is likely to be
important in the formation of taste preferences
(Mikkila et al. 2005; Nicklaus & Remy, 2013). Indeed
as our results indicate, exposure to vegetables is linked
to short-term behaviour change and is supported by an
emerging body of evidence using repeated exposure
(and conditioning) of target vegetable stimuli, soups
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or purees (Hausner et al. 2012; Caton et al. 2013; de
Wild et al. 2013; Remy et al. 2013; Ahern et al. 2014;
Bouhlal et al. 2014). However, while such studies have
shown promising results in increasing intake, liking
and acceptance of the test vegetable dishes, there is cur-
rently no evidence that responses to test stimuli
generalise beyond that particular stimulus to habitual
vegetable intake (Corsini et al. 2011). However, in the
context of this review, acknowledging our search strat-
egy was directed towards ‘usual intake’ rather than in-
takes of a specific targeted vegetable or test stimuli,
designing interventions that combine exposure and
conditioning methodologies with intervention strate-
gies that influence ‘usual’ vegetable intake needs to be
addressed by future research.

Greater frequency of participant contact with the in-
tervention was also associated with effective behaviour
change. While this review did not specifically consider
the economic cost of interventions, it is an important
practical consideration. The emergence of digital
technologies may allow future initiatives to maintain
regular, tailored contact with participants, while
minimising cost relative to more traditional forms of
face-to face contact (Cushing & Steele 2010).

Provision of knowledge is necessary for any interven-
tion to be successful, but it is not sufficient to achieve
behaviour change when used alone (Klein et al. 2015).
This review found that provision of education resources,
modelling or demonstrating behaviour and providing
instruction were associated with better outcomes when
combined with action based techniques such as plan-
ning for social support, increased exposure and provi-
sion of staff training. Further, planning for social
support implies cooperation between parents and care-
givers, and across settings such as the home and
childcare facilities, to promote a consistent message.
Indeed, targeting multiple settings was another important
characteristic of effective interventions, suggesting that the
full potential of initiatives can be optimised whenmultiple
levels of the environment cooperate synergistically.

The present review synthesised relevant literature and
identified key intervention attributes, which can inform
the development of future initiatives aiming to increase
young children’s vegetable intake, primarily in the home
and community settings. Because of the vast amount of
literature and nature of systematic literature reviews,

the scope of this paper needed to be contained, but still
make a unique contribution to the area. We included a
range of intervention types and outcomemeasures; how-
ever, excluded initiatives in the school setting, which
were the focus of a recent review (Evans et al. 2012).
However, school-based initiatives should not be ex-
cluded from future efforts to promote good nutrition
and improve vegetable intake in children. We also ex-
cluded studies that did not report vegetable intake sepa-
rately to fruit intake as it has been reported that
improvements in fruit and vegetables intake, when re-
ported together, is largely due to a change in fruit and
not vegetable intake (Evans et al. 2012). Fruits and veg-
etables are consumed in different contexts, such as
‘where’ it is consumed, ‘with whom’ it is consumed and
at what ‘time’ of day it is consumed (Mak et al. 2012)
and as such, strategies to increase vegetable consump-
tion are likely to differ from those for fruit.

Previous reviews have focused on ‘howmuch’we can
increase vegetable consumption (Knai et al. 2006;
Evans et al. 2012). In contrast, we were particularly in-
terested in ‘how to’ increase intake. We have critiqued
a range of intervention components including the be-
haviour change techniques used, which has provided
some insight to this question. However this critique
was limited by the details provided in the published
methodology. Details of the intervention messages
and exactly how these were delivered were often brief.
Therefore, there may have been other strategies that
contributed to the success of the intervention that were
not described, or instances where we may have not
interpreted the description as intended.

The measurement of dietary intake is another com-
monly reported limitation (Livingstone & Robson
2000; Thompson et al. 2010), particularly in large scale
community interventions. We allowed a range of out-
comemeasurements to be included in this review; how-
ever, the common use of self-reported intake poses
issues. It is associated with higher variability, meaning
that small changes are more difficult to detect. Given
our current definition of effectiveness, we may have bi-
ased our findings towards studies that were able to
measure intake in a more robust way – such as in
childcare settings where intake was often supervised,
weighed and then the amount consumed reported in
grams. Similarly, the heterogeneity in the measurement
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of intake across the studies prevented us performing
meta-analyses. However, we did attempt to summarise
the findings by calculating the average change in vege-
table intake as a percentage increase/decrease in the
units reported, regardless of the significance levels,
and found on average studies reported a 30% increase
in children’s vegetable intake.

As our findings show, despite the large body of liter-
ature describing interventions that target children’s die-
tary intake, there is a need for more high quality,
randomised and controlled interventions which target
children’s vegetable intake with longer term follow-
up. Of the studies included in this review, only one
was rated as strong quality, and only half included a
measure of intake at 6months or more. We have made
recommendations about characteristics associated with
effective intervention based on the authors’ description
and analysis of results, which varies between studies.
Others advocate the need for effective techniques to
be described using a systematic reporting process (e.g.
adaptations of CONSORT reporting) to improve the
quality of how studies are described (Cushing & Steele
2010).We also suggest the interventions themselves can
be better described including details of the behaviour
change techniques adopted using the CALO-RE tax-
onomy (Michie et al. 2011). Such description could com-
pensate for the limitations of post-intervention surveys
or qualitative techniques (Thomas et al. 2004b) that seek
to elicit the opinions of parents (not always possible),
children (often lacking the cognitive skills to articulate)
and other caregivers (who were present during the inter-
vention) on effective techniques and intervention com-
ponents that contributed most to successful behaviour
change. A higher level of robust detail in reporting the
methodswould allowpublic health behavioural interven-
tions to be truly reproducible (Cushing & Steele 2010).

Conclusions

Interventions that target children’s vegetable intake in
the home or community settings are generally effective
andmay potentially increase intake by ~30%.Based on
children’s current intakes, which are well below recom-
mendations, this equates to an average of a quarter to a
half of a serve. Our review highlights the need for more
high-quality RCT-based interventions targeting children’s

vegetable intake, with longer term follow-up to address
the current low levels of consumption effectively and to
bring them closer to recommended levels of intake. The
findings in the current review identify key strategies and
intervention characteristics that may optimise the effec-
tiveness of future programs aiming to increase children’s
vegetable intake. However, a key challenge still remains
in getting these strategies adopted and implemented at a
broader community level to reach more children, as
increasing children’s intake in line with vegetable recom-
mendations remains a significant challenge.
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